1. Introduction
===============

Respiratory infections are the most frequent reason for primary health care consultation. One fourth to one third of patients visiting general practitioners suffer from acute respiratory tract infection (ARTI). The most frequently recognised are pharyngitis, common cold, influenza, tonsillitis, nasopharyngitis, sinusitis and bronchitis. Paediatric respiratory tract infections are especially associated with significant morbidity and mortality. ARTI in children under 5 years of age are the most frequent cause of death from lung disease globally, causing more than 4 million deaths annually. Before bacterial but not viral infection, the carrier state in the upper respiratory tract is frequently established. The level of immune function is critical in many infections [@BIB1].

Potentially pathogenic bacteria are often present in nasopharyngeal samples taken from healthy children and the prevalence decreases with age. There is debate as to whether the use of nasopharyngeal samples to discriminate between bacterial and viral respiratory tract infection needs to be evaluated further in patients below 16 years [@BIB2].

The main causes of respiratory tract infections are viruses. Several viruses have been associated with the common cold syndrome. Rhinoviruses, adenoviruses, influenza and parainfluenza viruses, coronaviruses, respiratory syncytial viruses, enteroviruses and herpesviruses are more or less frequently recognised in upper and lower respiratory tract infections [@BIB3]. The frequency of a particular virus is different in different infections.

2. Upper respiratory infection
==============================

Among upper respiratory infections, the common cold, pharyngitis and otitis media are most frequently encountered in children [@BIB4].

Both viruses and bacteria cause acute pharyngitis. The group A β-haemolytic streptococcus causes about 15% of all pharyngitis and is the most important pathogen [@BIB5] often causing suppurative and non-suppurative sequelae [@BIB6]. Suppurative sequelae, peritonsillar abscess, otitis media, and acute sinusitis, are probably rare today in many countries because antibiotics are usually used at an early stage of disease. Of the non-suppurative sequelae, rheumatic fever is an autoimmunological reaction and glomerulonephritis is an immunological complex disease. Both are produced by specific types M protein of *Streptococcus pyogenes* [@BIB7].

Otitis media is, next to the common cold, the most commonly diagnosed and probably the most prevalent illness during the first 2 years of life. Although it has a mainly bacterial aetiology, some authors question the necessity of antimicrobial therapy. There is evidence that respiratory viruses have a crucial role in the aetiology and pathogenesis of this infection [@BIB8]. Among bacterial species most commonly isolated are *Streptococcus pneumoniae*, non-encapsulated *Haemophilus influenzae* and *Moraxella* (*Branhamella*) *catarrhalis*. Mixed infections are not infrequent.

A common disorder both in children and adults is sinusitis [@BIB9]. The agents of sinusitis vary according to the chronicity of infection, the age and underlying condition of the patient. The most common causes of sinusitis in children are *S. pneumoniae*, *H. influenzae* (unencapsulated) and *M. catarrhalis*. In chronic sinusitis anaerobes are often involved and infections are often mixed.

3. Lower respiratory tract infections
=====================================

Infections of the lower respiratory tract, bronchitis and pneumonia, are often more serious than infections of the upper respiratory tract. Pneumonia is more common in children than in adults. The spectrum of organisms causing pneumonia is also different in children. Very specific agents can cause pneumonia in newborns and very young children such as *Chlamydia trachomatis* or Group B haemolytic streptococci. In older children the aetiological agents are the same as adults, but viral pneumonias are much more frequent [@BIB10]. In children younger than 3 years of age *H. influenzae* type b is much more common as a cause of pneumonia and meningitis.

The most frequent viral aetiological agents of community acquired pneumonia in children are RSV, parainfluenza and adenovirus. The most common bacteria are *S. pneumoniae* and *H. influenzae* [@BIB10] *.* Other bacteria such as *S. aureus*, *S. pyogenes*, Gram-negative bacteria, *M. pneumoniae* and *C. pneumoniae* are less frequent.

Different pathogens are associated with hospital acquired pneumonia or in children with cystic fibrosis. One of most common locations in the hospital for development of nosocomial infections is the Intensive Care Unit. Respiratory tract infections are the most common infections and are associated with ventilator therapy rather than the underlying medical condition. The most common isolates are Enterobacteriaceae and *S. aureus.* The predominant organisms in cystic fibrosis are *Pseudomonas* spp. and *S. aureus* [@BIB11].

As previously mentioned, the predominating agents in community acquired lower respiratory tract infections are *S. pneumoniae*, *H. influenzae* and *M. catarrhalis*. *S. pyogenes*\' role in lower respiratory tract infection has declined in last years. During the past two decades, significant antibiotic resistance has emerged among all these bacteria [@BIB12].

4. *S.pneumoniae*
=================

The most significant changes have been observed among strains of *S. pneumoniae*. In the 1940s, all *S. pneumoniae* were exquisitely susceptible to penicillin. Concentrations of penicillin less than 0.1 mg/l were bactericidal. In the 1960s, reports of strains of pneumococci with intermediate levels of penicillin resistance (MICs 0.1--0.6 mg/l) began to appear. In the 1970s strains possessing penicillin MIC values greater than 2 mg/l occurred. Unfortunately pneumococcal strains resistant to penicillin are usually also resistant to many other antibiotics like macrolides, tetracyclines, co-trimoxazole and even chloramphenicol [@BIB13], [@BIB14]. High susceptibility of *S. pneumoniae* to quinolones is still seen, but increases in the prescription of these antibiotics increases resistance, up to 2% of strains in some areas [@BIB15].

The mechanism of pneumococcal resistance to penicillin G and other β-lactam antibiotics involves alteration in one or more of the penicillin binding proteins (PBPs) causing their lowered affinity to β-lactam antibiotics. In *S. pneumoniae* five high molecular weight PBPs are recognised: 1a, 1b, 2x, 2a and 2b. Presumably alteration of each of them could lead to increase in resistance to β-lactams [@BIB16]. Moreover, it has been shown that changes in the low molecular weight PBP3 have also been associated with resistance to β-lactams. The level of resistance is determined by how many and to what extent targets are modified [@BIB17]. Usually alterations in PBP2b are associated with an MIC\>0.1 mg/l and in many papers the *pbp2b* gene is nominated as being responsible for penicillin non-susceptibility [@BIB18]. However, several reports suggested that changes in other high-molecular weight PBPs could also increase penicillin MIC values in *S. pneumoniae*. The genes determining synthesis of the altered PBPs in pneumococci appeared by mutations and also were acquired from different species of streptococci, especially those of oral origen. The genes of resistant PBPs in pneumococci show specific mosaic structure, because they consist of segments of native pneumococcal DNA mixed with segments of foreign DNA [@BIB19].

In most cases, the extended spectrum cephalosporins and carbapenems possess greater activity than penicillins against strains with low level resistance although some pneumococci are more resistant to extended spectrum cephalosporins than to penicillin G. The resistance to penicillin G is primarily determined by changes in PBP2b, whereas elevated resistance to cephalosporins is determined rather by changes in PBP2x [@BIB20]. The acquisition of penicillin resistance by pneumococci is not accompanied by any reduction in pathogenicity.

The targets for quinolones are bacterial topoisomerases, enzymes that are essential to the cell for the regulation of DNA supercoiling levels and catenation and decatenation of the bacterial chromosome. The main targets are gyrase and topoisomerase IV. In pneumococci a majority of fluoroquinolones act preferentially through subunit A of topoisomerase IV. The resistance of *S. pneumoniae* to fluoroquinolones appears by mutation in genes determining topoisomerase IV (*parC*, *parE*) and in genes determining gyrase (*gyrA* and *gyrB*). Resistance to some fluoroquinolones can result from a single mutation in one or more of the genes encoding these enzymes [@BIB15]. A second mechanism of resistance to fluoroquinolones depending on multidrug efflux has been described in pneumococci [@BIB21].

Although, macrolide and lincosamide antibiotics still exhibit high activity against *S. pneumoniae*, in many countries the prevalence of the resistant isolates has rapidly increased. (e.g. 33, 24 and 31% in Spain, Italy and Belgium, respectively) [@BIB22]. At least five phenotypes of resistance to macrolides have been described in *S. pneumoniae*. Particular mechanisms depend on target modification or efflux [@BIB23]. The first, more common mechanism determines high level resistance and cross-resistance to macrolides, lincosamides and streptogramin B (MLS(B) phenotype) [@BIB24]. Phenotype MLS(B) is conferred by the presence of the *ermB* (*ermAM*) gene, encoding an enzyme, methylase of 23s rRNA. This enzyme changes 23s rRNA of the bacterial ribosome by methylation of adenine (A2058) and makes it unsusceptible to all MLS(B) antibiotics [@BIB25]. More recently strains harbouring the *ermA* gene have been found with a similar phenotype to *ermB* [@BIB26]. In most cases production of methylase is inducible.

A second, well-known mechanism in *S. pneumoniae* depends on efflux of 14 and 15 membered macrolides. This confers the M phenotype which depends on low level resistance to 14 and 15 membered macrolides and susceptibility to 16 membered macrolides, lincosamides, streptogramins and ketolides. The efflux mechanism is mediated by the presence of gene *mefA* or *mefE* (both genes belong to the *mefA* group). Genes *mef* are believed to encode a hydrophobic membrane protein, which uses the energy of the proton motive force to pump macrolides outside the cell.

Recently four additional mechanisms (and phenotypes) connected with target modifications were described among clinical *S. pneumoniae* isolates. The first phenotype, MS (macrolide, streptogramin resistance) is an effect of a substitution of three aminoacids in a highly conserved region of ribosomal protein L4. A second related phenotype confers additional resistance to ketolides and is due to substitution of six aminoacids in the same protein. The phenotype ML (macrolide--lincosamide) is due to A2059-G change (numbering from *Escherichia coli*) in from two to four of four copies of 23S rRNA [@BIB26]. This phenotype is similar to laboratory-obtained mutants resistant to macrolides. Recently a new mechanism, depending on mutation in 23S rRNA was described [@BIB27]. The mutation in V domain of the four copies of 23 rRNA conferred resistance to 16 membered macrolides and streptogramins A and B. Strains remain susceptible to other macrolides, ketolides and lincosamides [@BIB27]. The most frequent is the first, MLSB phenotype and other are not found frequently.

Resistance to tetracyclines in *S. pneumoniae* is conferred by the presence of one of two determinants: *tetM* or *tetO* or both. These genes encode ribosomal protection proteins that have homology to elongation factors G and Tu. Both proteins have GTPase activity that appears to be important in the displacement of tetracycline from the ribosome. The *tetM* determinant is located on the conjugative transposons or plasmids; location of *tetO* is thought to be chromosomal, but is not definitely known [@BIB28]. The resistance to chloramphenicol is determined by synthesis of chloramphenicol acetylase, which inactivates the drug.

The resistance to both components of cotrimoxazole is conferred by modification of the target. Changed enzymes dihydropteroate synthetase (DHPS) in the case of sulphonamides and dihydrofolate reductase (DHR) in the case of trimethoprim are not susceptible to drug action, but are still active in metabolic pathways [@BIB29].

5. *S.pyogenes*
===============

*S. pyogenes* is responsible for a variety of community acquired diseases and is probably one of the bacterial pathogens most often encountered in clinical practice. Penicillin is the drug of choice for treatment of infection with *S. pyogenes*, and macrolide antibiotics are recommended as an alternative treatment [@BIB6]. In spite of the extensive use of penicillin and other β-lactam antibiotics, *S. pyogenes* remains susceptible to these antibiotics. However, high rates of resistance to erythromycin have been reported in several countries. Moreover, resistance to other antibiotics like tetracyclines, chloramphenicol, sulphonamides and trimethoprim occur in some *S. pyogenes* strains. Resistance to macrolides as in *S. pneumoniae* may be conferred by several mechanisms. The most frequent depends on methylation of 23s rRNA leading to cross-resistance to macrolides, lincosamides and streptogramin B (MLSB). Two genes determining this resistance in *S. pyogenes* were recognised, e*rmTR* or e*rmAM* (*ermB*) [@BIB30]. The second mechanism known as phenotype M depends on macrolide efflux and is determined by the gene *mefA* [@BIB31].

Several strains are resistant to tetracyclines with identical mechanism as *in S. pneumoniae* determined by protein TetM, responsible for ribosome protection. Rare strains are resistant to chloramphenicol due to production of acetyltransferase (CAT). Resistance to sulphonamides and trimethoprim are determined by changes in the appropriate enzymes [@BIB6].

In the 1960s *H. influenzae* was uniformly susceptible to aminopenicillins. The first strains producing β-lactamases appeared in the 1970s, and the number of resistant strains is still growing. Some sources estimated the prevalence of *H. influenzae* strains producing β-lactamase to be as high as 30%. Resistance to tetracyclines, chloramphenicol, sulphonamides and trimethoprim and recently quinolones also occurs [@BIB13].

As in other bacteria, two mechanisms of tetracycline resistance have been described in *H. influenzae*. One depends on active efflux and is determined by the presence of one of two genes *tetB* or *tetK*, encoding hydrophobic membrane proteins which use the energy of the proton motive force to pump tetracyclines out of the cell. The second is connected with the presence of ribosome protecting protein TetM [@BIB32].

Resistance to chloramphenicol is determined by the synthesis of chloramphenicol acetyltransferase and resistances to sulphonamides and trimethoprim are the result of the presence of altered forms of appropriate enzymes.

Most strains of *H. influenzae* are still highly susceptible to fluoroquinolones, but recent reports show that resistant strains have already appeared and their frequency is growing proportionally to growth of fluoroquinolone usage. Resistance is the effect of mutations in genes determining bacterial topoisomerases. Several reports suggest that *H. influenzae* isolates require at least one amino acid substitution both in subunits of gyrase (GyrA) and topoisomerase IV (ParC) in order to attain significant levels of resistance to quinolones [@BIB33]. *H. influenzae* can produce β-lactamase type TEM-1 or ROB 1. Strains producing TEM β-lactamases are more frequent. Both types of β-lactamase are sensitive to inhibitors, like clavulanic acid. β-Lactamase production as well as resistance to other antibiotics in *H. influenzae* has been associated with the presence of large, chromosomally integrated, conjugative plasmids [@BIB34]. In the last few years the proportion of *H. influenzae* strains resistant to ampicillin but not producing β-lactamase has been growing. These BLNAR (β-lactamase negative, ampicillin resistant) strains possess changes in PBPs that are responsible for the lowered affinity to ampicillin [@BIB35]. The most frequent mutation is localised in the genes *ftsI* encoding PBP 3A and/or PBP 3B which are involved in septal peptidoglycan synthesis. The role of mutation in the gene *dacB* encoding PBP 4 has not been confirmed [@BIB36]. It is possible that other, yet unknown, mechanisms of ampicillin resistance exist among BLNAR *H. influenzae*.

In some countries, resistance to aminoglycosides in *H. influenzae* is as high as 16% and in most cases this is due to the production of APH(3′)-I [@BIB37]. Investigations of the efflux mechanisms of *H. influenzae* show that inactivation of genes homologous to *E. coli* *acrAB* confer hypersusceptibility to several antibiotics and dyes (e.g. erythromycin, rifampicin, novobiocin, ethidium bromide and crystal violet) [@BIB38].

6. *M.catarrhalis*
==================

Before the 1970s, the majority of clinical isolates of *M. catarrhalis* were susceptible to penicillin G as well as aminopenicillins. Now over 90% of strains produce β-lactamases. The β-lactamases produced by *M. catarrhalis* are BRO-1 and BRO-2. The *bro* genes appeared to be located on the chromosome and encode for polypeptides that differ in only one aminoacid. Production of both types of enzyme is constitutive and they are expressed as lipoprotein associated with outer membrane. Lipoprotein precursors of β-lactamases are well known among Gram-positive bacteria, but are uncharacteristic in Gram-negative species [@BIB39]. Fortunately, this organism has remained almost uniformly susceptible to antibiotics other than penicillins, cephalosporins, macrolides, tetracyclines, β-lactamase/inhibitor combinations, fluoroquinolones and co-trimoxazole. Occasionally strains resistant to these agents appear. Most frequently resistance to tetracyclines is determined by the TetB protein, causing an efflux of antibiotic [@BIB40].

7. Conclusions
==============

Although the resistance of bacterial strains isolated in Poland from community acquired respiratory tract infections is not high, it is increasing. Although resistance is a much greater problem among hospital acquired infections, especially in the case of staphylococci and enterococci [@BIB41], resistance among community acquired microorganisms is also a problem especially in bacteria isolated from children. The risk is high because of high level of carriage of respiratory pathogens among children and easily spread in day nurseries, kindergartens and schools.

[^1]: Professor Jeljaszewicz died in Warsaw on 7 May 2001.
